Antimicrobial stewardship antibiotic resistance war surgery trauma surgery chronic osteomyelitis reconstructive surgery bacterial infections low-and middle-income countries developing countries resource-limited settings Antibiotic stewardship program (ASP) implementation in humanitarian settings is a new endeavor. Doctors Without Borders/Médecins Sans Frontières introduced an ASP within a hospital in Amman, Jordan, where patients from Iraq, Syria, and Yemen with chronic, often multidrug-resistant, infections related to war are managed. Antibiotics were reviewed, and real-time recommendations were made to optimize choice, dose, duration, and route by a small team. Over the first year of implementation, acceptance of the ASP's recommendations improved. When compared with the year prior to implementation, antibiotic cost in 2014 declined considerably from approximately $252,077 (average, $21,006/month) to <$159,948 ($13,329/month), and a reduction in use of broad-spectrum agents was observed. An ASP in a humanitarian surgical hospital proved acceptable and effective, reducing antibiotic expenditures and use of broadspectrum agents.
In 2006, Médecins Sans Frontières (MSF) opened a surgical program in Amman, Jordan, for Iraqi victims of war, with a focus on surgical management of injury that could not be definitively managed in Iraq. Prior to arrival for definitive care, the median time since initial injury was 19 months, and the median number of prior surgical procedures was 4 (interquartile range, 2-6). The surgical program grew to include patients from Syria and Yemen. 5 Existing orthopedic infection was found to be common in patients at program entry, and the prevalence of multidrug-resistant pathogens was high. 6, 7 To optimize management of chronic trauma-related infections, a medical-surgical strategy was established, a collaboration with a local microbiology laboratory was developed, and broad-spectrum antibiotics, including glycopeptides (vancomycin), extendedspectrum aminoglycosides (amikacin), and carbapenems (imipenem), active against multidrug-resistant strains, were introduced for the first time in an MSF hospital. However, in the absence of support for optimized prescribing practices, broad-spectrum antibiotic use increased, opportunities for parenteral to oral antibiotic transitions were missed, unnecessarily postsurgical antibiotic prophylaxis was sometimes given, and as a result overall program costs escalated.
LOCAL SETTING
The MSF surgical program typically admits 50 patients per month, with most patients originating from Syria, Iraq, and Yemen.
On average, monthly there are 140 surgeries, 120 inpatient admissions, and 800 outpatient consultations; there are approximately 220 patients in Amman under management at any given time. On project admission, all patients with suspected chronic osteomyelitis (amounting to >50% of admitted patients) based on prevalent sinus tract discharge from bone or chronic nonunion undergo surgical exploration and debridement, at which time intraoperative cultures are routinely obtained. Among patients with infection at admission, the most common pathogens were cephalosporin-resistant Enterobacteriaceae or methicillin-resistant Staphylococcus aureus. 4 An infection control program in the hospital includes an infection control focal point, an infection control committee, and a committed hospital management. Monitoring for nosocomial infections is active with a focus on surgical site infection. Cohort isolation is enforced for patients with multidrug-resistance pathogens.
APPROACH
On October 1, 2013, MSF implemented an ASP within the framework recommended by the Centers for Disease Control and Prevention with the core elements of leadership, commitment, accountability, drug expertise, action, tracking, reporting, and education. 8 The main activity of the ASP team was to review new hospital antibiotic prescriptions and make real-time recommendations to optimize antibiotic choice, dose, duration, and route based on MSF treatment protocols and patient-level microbiology results. An experienced, existing project physician was promoted to be the antibiotic focal point (AFP) and led the program in collaboration with a pharmacist, both under the supervision of the hospital manager. The aim of the AFP within the Amman project was to assure good bug-drug match, to narrow the spectrum of parenteral antibiotics, to transition to oral antibiotics when appropriate, to consider comorbidities and drug-drug interactions in decisions, and to stop antibiotics when intraoperative cultures were sterile.
Although given protected time for reviewing prescriptions, liaising with surgical staff to assure implementation of recommendations, and creating monthly reports, the AFP remained engaged in clinical care as part of the overall hospital team. The pharmacist was as an active part of the ASP whose focus was appropriate drug dosing, review of potential drug-drug interactions, and-in collaboration with nursing-assuring optimized antibiotic administration, particularly for special patient groups. The pharmacist implemented tools for the nursing staff, including the development of tables outlining the appropriate administration of common antibiotics, and provided regular in-service trainings. The pharmacist also contributed knowledge of cost, current antibiotic inventory, and could suggest the substitution of an equivalent drug when shortages demanded it.
Weekly multidisciplinary antibiotic rounds provided the forum where the members of the ASP team could interact with each other and with hospital stakeholders, including the infection control nurse, surgeons, and nursing staff. The agenda included current hospital antibiotic use, review of current patients receiving parenteral antibiotics with a focus on oral antibiotic transition, patient issues affecting antibiotic management (eg, adverse drug events), and aligning antibiotic strategy with planned surgical interventions. The AFP recorded-for each stewardship interaction-the antibiotic recommendation, uptake recommendation, reason for rejection (if necessary), and if there was a need for adjudication by an outside specialist. For contentious or complex cases, an infectious diseases specialist was available (R.A.M.) for telemedicine consultation, allowing some management controversies to be resolved by a specialist outside of the hospital. The infectious diseases specialist also provided regular remote mentoring to the AFP. The activities of the ASP were recorded in a monthly report that was shared within the organization.
RELEVANT CHANGES
During the initial year of implementation, an average of 22 surgical patients initiated antibiotic treatment monthly. The volume of patients starting antibiotics as inpatients remained relatively consistent throughout the first year of the ASP (Table 1 ). In the period from February-March, 52 patients initiated antibiotics; in AprilJune 72 patients initiated antibiotics; in July-September 52 patients initiated antibiotics; and in October-December 57 patients initiated antibiotics. Overall, all 233 patients requiring inpatient antibiotics in 2014 were reviewed during antibiotic rounds (Box 1).
In the first year of implementation, a modification was recommended in the original antibiotic prescription in 106 of 233 patients (45%). Recommendations were accepted by surgical staff in 94 of 106 patients (88%), with the rate of acceptance increasing with each quarter: in February-March, 18 of 23 changes (78%) were accepted; in April-June, 18 of 22 changes (82%) were accepted; in July-September, 25 of 27 changes (93%) were accepted; and in October-December, 33 of 34 changes (97%) were accepted. Over the CRP, C-reactive protein.
Box 1 Lessons learned
• A simple antibiotic stewardship model that places one antibiotic focal point physician and one pharmacist at the center of hospital prescribing was feasible and effective, reducing hospital antibiotic expenditures.
• A nonspecialist physician can lead antibiotic stewardship in contexts where specialists in infectious diseases are not readily available.
• Implementation of inpatient antibiotic stewardship led to recognition of related needs, specifically to other clinical care quality improvements, including follow-up of patients receiving outpatient antibiotic enhanced therapy.
entire period, 36 of 233 patients (15%) were referred for telemedicine consult with the infectious diseases specialist. Most of the costs savings were achieved with a reduction in the inappropriate use of imipenem and the substitution of another-more narrow-spectrum-parenteral or oral agent. There were no significant differences in basic patient characteristics and case mixture between the 2 periods.
A major goal of the ASP was to reduce unnecessary use of costly parenteral antibiotics, including carbapenems, glycopeptides, and broad-spectrum aminoglycosides, when an alternative antibiotic was appropriate. In the period after introduction of the ASP, use of imipenem declined from a mean of 2,206 vials per month to 1,620 vials per month, use of vancomycin declined from a mean of 545 vials per month to 438 vials per month, and use amikacin declined from a mean of 242 vials per month to 164 vials per month (Fig 1) .
With respect to the cost of the ASP itself, the ASP used existing human resources. Although the monthly compensation of the physician leader was increased by approximately 15%, the ASP did not require the addition of full-time positions. Mortality data for the Amman surgical project were reviewed to explore if the introduction of antibiotic stewardship was associated with a change in inpatient mortality. In the year prior to ASP implementation (October 1, 2012-September 30, 2013), inpatient mortality was observed in 2 of 1,268 total admitted patients (0.2%), and in the year after, mortality occurred in 0 of 1,121 patients (0%).
DISCUSSION/CONCLUSIONS
A simple ASP in a humanitarian surgical project proved to be feasible, well-accepted, and effective in markedly reducing antibiotic expenditures and reducing use of broad-spectrum antibiotics. Over time, adoption of the recommendations of a nonspecialist physicianwho was recognized locally as an expert-by surgical staff improved from 78% to 97%, suggesting increasing acceptability of the ASP. The approach, premised on real-time active review of antibiotic prescriptions and using existing physician and pharmacist human resources, may be a useful model for initiating an ASP in hospitals in LMICs with high levels of antibiotic utilization.
Several additional changes were associated with ASP introduction. We observed a shift in the previous practice of antibiotic initiation or modification by the surgical staff without clear justification and observed a significant decrease in the use of empirical antibiotics before culture reporting. An initial reluctance expressed by project surgeons to share responsibility for antibiotic management with the stewardship team improved markedly over the first year as evidenced by the improvement in the recommendation acceptance rate. This may have stemmed from the approach of the stewardship team toward transparent, collaborative decision-making and the introduction of a new clinic for follow-up of patients receiving longterm antimicrobials where treatment failure and toxicity concerns were addressed. This improvement in decision transparency and additional outpatient oversight of surgical patients receiving oral antibiotics may also have strengthened the confidence of the surgeons in the ASP. The ASP led to the recognition of related needs in the project, including the need to train more junior physicians on appropriate antibiotic use and to make greater use of pharmacy expertise toward improving patient care in the hospital.
This study has limitations. The rollout of the ASP was not part of a research study, but it was a pragmatic response to the need to improve the use of antibiotics within a humanitarian surgical hospital; some process and outcome data are not available. Further, it is not possible to fully associate the reduction in antibiotics costs over the period of interest to the impact of the ASP alone because there were concomitant improvements in antibiotic prices, including for imipenem-cilastatin. However, the overall volume of broadspectrum antibiotic use also declined, which would not be expected from price shifts alone. Prospective studies will better define the impact of an ASP in LMIC hospitals.
The management of chronic, frequently multidrug-resistant chronic osteomyelitis with surgery and long-term antibiotic therapy is expensive. The Amman reconstructive surgery project is among the most costly in the MSF portfolio. As a result, the implementation of an ASP was seen as a way to improve the quality of care and to optimize MSF resources in contexts where the cost of medical care is relatively higher than in traditional MSF settings. In very varied humanitarian environments, ASPs are being piloted in MSF hospitals in African contexts with flexibility to account for differences in human resources available, variations in how antibiotics are overused or misused, and availability of microbiology laboratory support. 
